Abstract: Previous measurements over flat, hard ground, had shown strong coherence in received acoustic phases across frequencies from 90 to 660 Hz [J. Acoust. Sot. Am. 101, 3102(A) (1996)]. .4 recent test program was conducted at the same site in which concurrent acoustic and wind data were recorded, Similar coherence in the phxe and travel time fluctuations are observed, and time scales of the fluctuations correspond to large-scale atmospheric turbulence (above 100 m). A theory is developed to predict the cross correlations by considering the effects of the two-dimensional horizontal wind spectrum on the direct sourc-receiver path, Measured and predicted cross correlations are compared and found to be in good agreement. The wind direction and sensor locations are found to significantly influence both the magnitude and shape of the cross correlations.
INTRODUCTION Phase fluctuations
and their relation to turbulence have been considered by others. In particular, Nobel et al. developed a model for ph~e fluctuations by simulating eddies using an elongated Iongitudind vortex pair,l and Wilson and Thomson developed an acoustic propagation model for signal variability that included the effects of large-scale, anisotropic turbulence. 2 Both models were compared to field data, and a common conclusion was that the ph~e fluctuations were most influenced by large-scale atmospheric turbulence. This study further examines phase fluctuations, where particular attention is given to field test geometry, ground paths, and correlation functions.
THE EXPERIMENT AND DATA ANALYSIS
A field test was conducted over flat, hard ground during cloudy, windy conditions. A plane view of the setup is given in Fig. 1 . The mean velocity was 6.4 m/s and the bearing offset between the wind and propagation direction was 12.3°. The receiver consisted of a three-dimensional microphone array mounted on a 6 m tower. Sources were positioned approximately upwind and downwind of the receiver at a distance D of 196 m. The source heights were 1 m, and they were configured to radiate continuous tones at eight discrete frequencies from 50 to 540 m. Concurrent with the acoustic measurements, wind data were recorded from a horizontal array of nine sonic anemometers positioned a distance IYI from the receiver ranging from 2 to 26 m.
Spectral analysis ww used on the microphone signal. By applying the Hilbert transform, the phase fluctuations were recovered at the source frequencies. The associated travel time fluctuations were computed by dividing out the source frequency. They are found to be well correlated across the frequencies, and have time scales associated with large-scale atmospheric turbulence. Correlation functions were computed between the travel time fluctuations measured at the microphones and the along-path velocity fluctuations measured at the sonic anemometers.
THEORY AND COMPARISONS
Travel time fluctuations are predicted along the direct source-receiver ray by characterizing the velocity with an adaptation of the two-dimensional horizontal energy spectrum of Pelt ier et al. 3 Inclusion of the groundreflected ray is found to be unnecessary because the travel time fluctuations for the two paths are shown to be coherent for large-scale turbulent effects.
Predicted and measured correlations functions are found to agree well. The variation of the point of maximum correlation is studied as the separation dist ante between the receiver and sonic anemometer varies. The comparison of maximum correlation coefficient and associated time delay as a function of separation distance is given in Fig. 2 for downwind propagation. 
